INTRODUCTION
Poisoning deaths have increased dramatically over the last 10 years, surpassing firearm deaths in 2004 and motor vehicle traffic deaths in 2011. The dramatic increase in deaths is largely due to medication overdose, especially opioid pain medications. 1 Emergency department (ED) visits for poisoning have also dramatically increased during the same period. [2] [3] [4] US poison control centers (PCCs) play a critical role in the management of poison exposures. These centers are staffed 24 h a day by specialists in poison information who are health professionals specially trained in toxicology. These specialists assess poison exposures over the telephone and provide treatment recommendations. This service is available to both healthcare providers and the general public. PCCs also collect detailed information about exposure cases in order to provide public health services and poison surveillance. Given the sheer diversity of potential poisons and the complexity of managing unusual and multi-substance exposures, ED care providers routinely call poison centers for consultation. In a typical patient consultation, both PCC specialists and ED providers place several phone calls throughout the ED admission. In these phone calls, a significant amount of information is exchanged such as a case summary, description of the exposure, the patient's current status, diagnostic test results, and recommendations for treatment.
In previous work, we identified a number of inefficiencies and safety vulnerabilities in the telephone-based ED-PCC communication process. 5 These inefficiencies and safety vulnerabilities included repetition of redundant clinical information, vague or ambiguous communication of clinical observations and diagnostic test results, and difficulty establishing telephone communication due to provider unavailability. Through a nationwide Delphi study, we also identified widespread support for a health information exchange (HIE)-supported communication process. 6 Based upon the results of that study, we propose a new process in which HIE does not entirely eliminate telephone consultations, but supports and reduces the need for synchronous telephone communication. HIE is potentially valuable in supporting continuity of care as patients transition from one healthcare setting to another, especially when transitions of care occur across healthcare organizations without interoperable information systems.
Currently, we are developing a scalable, standards-based approach to HIE between EDs and PCCs as part of an AHRQ (US Agency for Healthcare Research and Quality)-funded study to evaluate the effect of HIE-supported communication on workflow, communication, efficiency, and utilization. 7 This type of HIE is distinctive in that it will involve bidirectional information sharing and communication in support of an emergency healthcare event, as it unfolds. This will entail multiple HIE messages that support real-time collaboration and decisionmaking. The goal of the present work was to identify and assess a set of data standards to support dynamic electronic information sharing between EDs and PCCs. We focused on standards that are required for EHR Meaningful Use certification in the USA, specifically the Health Level Seven (HL7) Consolidated Clinical Document Architecture (C-CDA) Standard. 8 
BACKGROUND AND SIGNIFICANCE Collaboration and communication between PCCs and EDs
Collaboration between an ED and a PCC occurs in three phases, described in detail in Cummins et al, 5 and can be initiated by either party. In some cases, the PCC refers a patient to an ED for further evaluation and treatment. In other cases, a patient presents to an ED without contacting the PCC, and collaboration is initiated by an ED physician, nurse, or other staff member. Over the telephone, the PCC specialist assesses the poison exposure, provides consultation, and recommends a plan of care. Communication is ongoing as the case unfolds. The PCC calls periodically to request information on the patient's clinical condition, diagnostic test results, treatment, and plan of care, updating treatment recommendations as necessary. The purpose of ongoing telephone communication is twofold: (1) to support ongoing emergency treatment for poison exposure; and (2) to support the collection of case data for both local (state and local health departments) and national poisoning surveillance (National Poison Data System, NPDS). 9 However, reliance upon telephone communication leads to inefficiencies and safety vulnerabilities. 5 Data elements for poison exposure information Using a proprietary, purpose-built information system, the PCC collects structured and narrative data describing each poison exposure case. The structured data largely consist of NPDS data elements. The NPDS data elements allow for the collection of highly detailed information, in both structured and narrative form, about the nature and circumstances of each poison exposure. The NPDS data elements are not represented in any standard information model and coded data are not represented in standard controlled terminologies. In previous work, we identified that these data elements only partially map to standardized terminologies. 10, 11 Consequently, NPDS data are valuable for poisoning surveillance but are poorly interoperable from a clinical informatics perspective.
PCC-ED information types
In previous work, we analyzed call recordings corresponding to a random sample of 120 poison exposure cases entailing telephone communication between an ED and the Utah Poison Control Center. 5, 12 Using qualitative methodology, we identified 52 unique information types exchanged during ED-PCC telephone communication. A subset of these information types that we selected for mapping to the C-CDA standard are described in table 1. These information types, derived from real-world communication between EDs and PCCs and well-validated, encapsulate the focused subset of information currently used to support collaboration. 12 Several of the information types closely correspond to NPDS data elements, since communication partly serves to support collection of information for entry into the poison center information system, which collects NPDS data elements. However, the information types used for mapping reflect the overall ED-PCC communication that currently takes place in support of both patient care and population health.
Consolidated Clinical Document Architecture Standard
The HL7 CDA standard provides a framework for representing various kinds of clinical documents, such as progress notes, discharge summaries, and imaging reports. 13 CDA documents consist of a header and a body. The header includes document metadata, such as document type, patient demographics, care provider and/or healthcare institution responsible for generating the document, and document timestamp. The body contains the patient's clinical data, which are organized into multiple sections. Each section is modeled based on standard reusable templates, such as plan of care, problems, medications, and results. Therefore, the CDA body is constructed with modular blocks of data, with standard templates providing the building blocks.
The C-CDA standard is an HL7 implementation guide that builds upon CDA release 2.0. It defines nine standard document types for different clinical use cases: Continuity of Care Document, Consultation Note, Discharge Summary, Procedure Note, Diagnostic Imaging Reports, History and Physical, Operative Note, Progress Note, and Unstructured Documents. The C-CDA standard is required for EHR certification in the USA EHR Meaningful Use program.
14 Since the C-CDA standard was designed to cover a broad range of clinical use cases, it is a reasonable choice to support PCC-ED HIE.
MATERIALS AND METHODS
Our approach entailed three steps. First, we designed a reference model for PCC-ED HIE events. This model was informed by our previous work, in which we systematically observed and analyzed PCC-ED phone conversations. 5 Second, we mapped each PCC-ED HIE event to a set of candidate C-CDA document types. This mapping was informed by the document definitions One goal of telephone communication between EDs and PCCs is the collection of information for entry into the NPDS. Consequently, some information types resemble NPDS data elements. However, NPDS data elements are defined differently, according to a published coding manual. 18 ED, emergency department; NPDS, National Poison Data System; PCC, poison control center.
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provided in the C-CDA specification. Next, we mapped each PCC-ED information type to C-CDA sections contained in the documents identified in the previous step. This mapping was informed by the section and template definitions and examples provided in the C-CDA specification. We excluded information types that constituted questions or verbal requests for information, specific to telephone-based communication (eg, confirmation that the patient has arrived at the ED, inquiry regarding the patient's discharge or transfer status), and information types routinely included in C-CDA headers. Last, for each PCC-ED HIE event, we selected the C-CDA document whose sections best matched the PCC-ED information types. Two investigators with expertise in HL7 standards (GDF) and PCC-ED information exchange (MRC) independently completed mappings. We reconciled the independent mappings iteratively and through consensus with a poison control expert (BIC).
RESULTS
Reference model for PCC-ED HIE events with mappings to C-CDA document types Figure 1 depicts the HIE events necessary to support ED-PCC communication and collaboration. The process may begin in two different ways: (A) The PCC receives a phone call from a patient and refers that patient to the ED by sending an initial C-CDA Consultation Note; or (B) the ED receives a poison-exposed patient and requests consultation from the PCC through a C-CDA History & Physical Note. Once a case consultation is established, a set of iterative events take place depending on the patient's progress: the ED submits periodic patient status updates to the PCC using the Progress Note C-CDA (C); and the PCC submits any updated management recommendations to the ED using the Consultation Note C-CDA (D). Finally, when the patient is transferred or discharged, the ED sends a C-CDA Discharge Summary document to the PCC, closing the case (E). Table 2 describes each of the PCC-ED HIE events.
Mappings from PCC-ED HIE information types to C-CDA sections All PCC-ED information types could be mapped to at least one C-CDA section (table 3) . However, not all mappings were exact. Three types of mapping were identified: perfect match, subset match, and multiple match. In perfect matches the information type was identical to the C-CDA section, such as in diagnostic test results. Subset matches consisted of cases in which the 
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Del Fiol G, et al. J Am Med Inform Assoc 2015;22:519-528. doi:10.1136/amiajnl-2014-003127, Research and applications desired information type may be found in a C-CDA section that also includes other kinds of information unrelated to the information type. For example, the information type patient-reported symptoms was matched to the C-CDA history of present illness section, which contains a complete patient history that includes symptoms as well as other information on the patient's history. Multiple matches occurred for information types that mapped to more than one C-CDA section. For example, the information type absence of clinical effects may be found in three sections of the C-CDA History & Physical Note: review of systems, history of present illness, and physical exam. Subset and multiple matches were typically related to different granularity between information types and C-CDA sections. One important issue was that although PCCs collect information about the poison exposure in a structured coded form, according to the NPDS requirements, this information cannot be represented in the same structured format in a C-CDA template. In the absence of a specific template, poisoning exposure information was mapped to the history of present illness section, which only includes information in narrative form.
DISCUSSION
To our knowledge, this is the first work to systematically identify and assess clinical data standards that can support bidirectional HIE between PCCs and EDs. This kind of HIE is a promising approach to improve the safety and efficiency of the widely used telephone-based PCC-ED communication process, with the potential to improve patient outcomes, ED care processes, and public health reporting. The results of our assessment will be used to guide the design and development of a scalable and standards-based electronic PCC-ED HIE process. Our work has two major strengths. First, rather than proposing a new standard specific for PCC-ED HIE, we leveraged existing standards that are being rapidly adopted, particularly as a result of the EHR Meaningful Use certification process in the USA. 15 Second, the PCC-ED information types were identified through rigorous analysis of PCC-ED telephone conversations. However, our analysis should be considered with caution since we did not assess issues related to the implementation of the C-CDA standard for PCC-ED HIE. First, the proposed mappings have not been validated in actual system implementations. Therefore, our results should serve as a guideline and not as a final standard specification for PCC-ED HIE. Second, variations in data expression and errors in current implementations of the C-CDA standard have been identified as barriers to semantic interoperability. These variations may compromise the broad generalizability of a C-CDA-based approach to PCC-ED HIE. 16 Last, our analysis did not cover the dynamic messaging component of PCC-ED HIE, which could be accomplished through the adoption of other Meaningful Use standards, such as the Nationwide Health Information Network (NwHIN) standards. 17 Overall, PCC-ED HIE events mapped well to C-CDA documents and PCC-ED information types mapped reasonably well An initial patient status report establishes an ongoing PCC-ED consultation. The Progress Report C-CDA includes patient assessment information that supports the poison control specialist's review of the case, provision of more detailed or updated recommendations, and entry of data into the NPDS.
Patient status update ED PCC Progress Report
The ED provides periodic patient status updates, including vital signs, laboratory test results, and medications. This allows the poison control specialists to reassess the patient, update their recommendations if needed, and enter data into the NPDS.
Treatment recommendations PCC ED Consultation Note
The PCC specialists provide updated recommendations for the patient's treatment. This event is equivalent to a specialist consultation, in which the specialist provides a consultation note to the referring clinician.
Patient discharged ED PCC Discharge Summary
The ED submits a summary of the patient's visit and discharge disposition. This allows the PCC to close the case, enter data into the NPDS and, if applicable, prepare a case notification report for public health purposes.
C-CDA, Consolidated Clinical Document Architecture; ED, emergency department; HIE, health information exchange; NPDS, National Poison Data System; PCC, poison control center. to C-CDA sections. The main limitation was the lack of a structured CDA template that matches the NPDS format for poisoning exposure information, resulting in two problems: (1) structured poison exposure information collected at PCCs would need to be transmitted in narrative form to EDs; and (2) poison exposure information collected at the EDs in narrative form would still need to be manually entered by PCC specialists in structured form according to the NPDS. To address these issues, we are planning to work with HL7 to develop a structured template to describe poison exposure according to the Standardization of information sharing between PCCs and EDs, enabled by the HL7 C-CDA standard, holds important and positive implications for public health. Currently, PCCs collect data for the NPDS. This national surveillance system only includes cases reported to the PCC. However, many poison exposures are treated in EDs without PCC consultation. We are designing an HIE process that entails universal poison exposure case notification to PCCs based upon triggers ( figure 1, arrow  (B) ). Essentially, the PCC will be notified of all potential poison exposure events presenting to participating EDs, greatly enhancing their ability to effectively surveil and respond to poisoning as a population health concern. Further, the quality of the data available to the PCC will be much higher, enabling more sophisticated approaches to surveillance and analysis.
Standardization of information sharing may also ameliorate many key safety vulnerabilities in the process of caring for individual patients, including poor information quality, information loss, and lack of information availability to multiple care team members. High quality, structured information can be presented in a way that enhances decision-making while reducing interruption, because it can be parsed and managed in ED information and tracking systems. Detailed information can be made accessible to the entire care team, and care providers can be notified of new information without the intrusiveness of a telephone call. This enables an efficient flow of information between EDs and PCCs, minimizing interruption and maximizing the timely availability of relevant information at the point of clinical decision-making.
CONCLUSION
We identified and assessed clinical data standards to support the electronic exchange of information between PCCs and EDs. This process could be supported by four clinical documents from the HL7 C-CDA standard: History & Physical Note, Consultation Note, Progress Note, and Discharge Summary. Except for information related to the poison exposure, information types that are commonly exchanged between PCCs and EDs can be reasonably well represented within these C-CDA documents. Therefore, standards-based HIE between PCCs and EDs appears to be feasible given a set of standards that are required for EHR certification in the USA. However, the current standards framework could be improved with a CDA template that captures information exposure according to the NPDS data elements. In addition, the proposed approach still needs to be validated in actual system implementations.
